The aims of the present study are to quantitatively analyse survivin expression, its clinicopathological roles and correlation with telomerase activity in a large cohort of patients with colorectal adenocarcinoma. Real-time polymerase chain reaction was used to quantitate expression level of survivin mRNA and hTERT mRNA (telomerase activity) in 51 patients with colorectal adenocarcinomas. The findings were correlated with the clinicopathological features of patients which were prospectively collected into a 
INTRODUCTION
Colorectal cancer ranks high in incidence and mortality among malignancies in the Western world [1] . Research contributes directly to improve the care of patients with colorectal cancer by more accurately refining prognosis and selecting the most appropriate adjuvant therapy for individual patients with colorectal cancer [2] . In recent years, studies into the molecular pathways involved in cancer growth have allowed identification of genes like survivin and telomerase [3] . These genes have attracted growing attention as they are potential targets for cancer treatment.
Human telomerase is a ribonucloprotein composed of two components, human telomerase RNA (hTR) and human telomerase reverse transcriptase (hTERT) [4, 5] . It is a cellular reverse transcriptase that helps maintain telomere length in human stem cells, reproductive cells and cancer cells by adding TTAGGG repeats onto the telomeres at the end of the chromosomes. Telomerase activity has been found in more than 85% of all human tumours, as well as germ and stem cells [6, 7] . In our previous study, we documented that telomerase activity was increased in colorectal adenocarcinoma when compared to adenoma and non-tumour mucosa [8] . The expression was higher in adenocarcinomas arising from distal portion of the colorectum.
Survivin, a member of the inhibitor of apoptosis protein family, is a recently discovered protein which plays a key role in regulation of apoptosis and cell division [9, 10] . It is a 16.3kD protein consisting of 142 amino acids. The gene encoding survivin is located at the telomeric region of the chromosome 17. Survivin is abundantly expressed in fetal tissues, yet undetectable in most normal, terminally differentiated adult tissues. It is overexpressed in a variety of cancers [11] . Normal human cell do not require survivin for survival, which would make survivin an advantageous target for treatment of cancer [12] . The roles of survivin have not been studied in depth in colorectal cancer. Although survivin activity has been detected in colorectal cancer by immunohistochemistry, quantitative analysis of survivin has seldom been performed [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . In addition, the interaction of survivin expression with telomerase activity and clinical and pathological factors has also rarely been investigated [15] .
In this study, we evaluated the expression level of survivin mRNA in tumour tissues and corresponding adjacent non-tumour mucosa from patients with colorectal adenocarcinomas by using real-time reverse transcriptase polymerase chain reaction. We also analyzed the relationship between survivin expression, hTERT expression level and clinicopathological features of the patients.
MATERIALS AND METHODS

Patients and tissue recruitment
Fifty-one consecutive patients (32 men, 19 women) with confirmed primary colorectal adenocarcinoma were recruited. Consent for the study was obtained from each of the patients and hospital human ethics committee. The age, gender, clinical management and survival data of these patients were prospectively collected in a computerized database. The actuarial survival rate of the patients was calculated from the date of surgical resection of the colorectal carcinomas to the date of death or last follow-up. Management was by a pre-agreed standardized multidisciplinary protocol supervised by a senior specialist colorectal surgeon. None of the rectal cancer patients had undergone neoadjuvant radiotherapy or chemotherapy prior to surgery. Pathological diagnosis was also standardized and reviewed by committee criteria, chaired by a senior academic pathologist with a special interest in the field. Post-operative chemotherapy was given to patients with stage III colon cancer whereas post-operative chemoradiation was given to patients with stage III rectal cancer. Follow-up was routinely performed at three monthly intervals for the first two years, six monthly for the subsequent three years, and yearly thereafter. Serum carcino-embryonic antigen (CEA) levels were taken before each visit and imaging investigations performed as clinically appropriate. Colonoscopy was performed at one year after surgery, and repeated as appropriate to the findings and other clinical features at follow-up.
The tissue samples were collected prospectively. The site and size (maximum length) of the colorectal cancers were recorded. At the time of surgery, the tissue from the tumour and non-tumourous colorectal mucosa from the proximal resection margin were promptly sampled. These samples were preserved in RNAlater within 10 minutes of surgery to prevent degradation of the RNA and then stored at -80 0 C. Standard blocks were then taken, fixed in 10% formalin and embedded in paraffin wax. Histological sections were cut from the paraffin embedded blocks and stained for hematoxylin and eosin for light microscopic examination. The histological subtypes were classified using the World Health Organization (WHO) criteria [29] . Mucinous adenocarcinoma was defined as an adenocarcinoma with more than 50% of the tumour composing of extracellular mucin. The carcinomas were staged according to TNM (Tumour, Lymph node and Metastases) classification adopted in American Joint Committee on Cancer [30] .
Laboratory procedures
RNA extraction
Total RNA was extracted from the 10-25 mg of fresh frozen tissue by disruption and homogenization using High Pure RNA Tissue Kit (Roche Diagnostics, Mannheim, Germany). DNase I was used to digest DNA contamination. Quality of the RNA was checked by agarose gel electrophoresis to rule out degraded RNA.
cDNA preparation Purified total RNA was reverse transcribed in a total volume of 25 µl using random primer at a ratio 2 to 1 RNA and transcriptor reverse transcriptase (Roche Diagnostics, Mannheim, Germany). The reaction mixture was incubated for 10 minutes at 25 0 C first, 60 minutes at 50 0 C, and followed by enzyme inactivation step for 5 minutes at 85 0 C. The cDNA samples were stored at -20 0 C until use. 
Primers and probes
The primer set and probe for amplification of hTERT (GenBank accession number AF015950), survivin (GeneBank accession number NM_001168), and GAPDH, (GenBank accession number NM_002046) genes were designed using GenScript web site/design tool (www.genscript.com/ssl-bin/app/primer). The primers for the genes placed in different exons, were checked by conventional PCR to ensure they did not amplify genomic DNA. The probes contained 6-carboxyflourscein (FAM) as fluorescent reporter dye, and 6-carboxytetramethyl-rhodamine (TAMRA) as quencher for its light emission spectrum. These probes were purchased from Sigma Genosys (Wollands, TX, USA). During the extension phase of PCR, the probe hybridized to the target sequence and was then cleaved due to the 5' to 3' exonuclease activity of Taq polymerase. The increase in fluorescence signal of the reporter was proportional to the amount of specific PCR products, providing highly accurate and reproducible quantification.
Standard curve
For absolute quantitation assay, a standard curve was constructed from a known concentration of DNA sample. A segment of 290 bp hTERT gene was generated by conventional RT-PCR. The PCR-product was checked on agarose gel for unspecific amplification, purified by High Pure PCR Product Kit (Roche Diagnostics, Mannheim, Germany), and then accurately quantified by ultraviolet-spectrophotometer. The concentration of known DNA sample was converted to molecules per microliter. This known standard sample was adjusted to 0.8x10 10 molecule/µl and then serially diluted by 1/10 down to 6 /ul. Two µl of each dilution (10 6 to 10 1 ) in duplicate was used as a template for real time PCR. For each sample, the expression level of hTERT, survivin, and GAPDH were quantified as a copy numbers (per reaction) using the standard curve.
Expression level of hTERT and survivin for each sample was normalized by dividing to the copy number of GAPDH (Normalization = copy number of target gene sample / copy number of GAPDH sample x100).
Statistical analysis
Comparisons between groups were performed using the 
Results
The median age of the patients with colorectal adenocarcinoma was 68 (range, 37
to 89) years. The median age for male patients was 67 whereas for female patients was hTERT mRNA was expressed in all tumour samples. The range of the hTERT mRNA expression ratio in the tumours was 0.11-2.75 (mean, 1.1) whereas the range in the non-tumour tissue was 0 to 1.14 (mean, 0.47). The level of expression of survivin was significantly correlated with the level of hTERT expression (p=0.008).
Survival analysis
Follow-up data was available for all patients. According to Kaplan-Meier logrank survival and Cox-multivariate analysis, survival of the patients with colorectal adenocarcinoma was only associated with the TNM stages of the tumours (p = 0.01 and 0.003 respectively). Patients with higher level of expression of survivin (copy number > 5) appear to have poorer survival than other patients ( Figure 2 ). One third of the patients (9 of 27) in the former group died whereas 12.5% (3 of 24) in the latter group died during the study period. Nevertheless, the difference between these groups did not reach significant levels (p >0.05).
DISCUSSION
The current study noted that colorectal cancer tissue had a much higher survivin level than morphological non-tumour tissue. When compared to telomerase expression, survivin expression had minimal or practically no overlap in level of mRNA between cancer tissue and morphological normal tissue. In other studies, survivin is also barely detectable in terminally differentiated normal cells/tissues [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . In this study, we also demonstrated for the first time that the level of survivin is related to the size of the colorectal cancer. Thus, quantitative analysis of survivin may act as a diagnostic marker in colorectal adenocarcinoma. Recently, antibodies to survivin protein have been demonstrated in the sera of patients with colorectal cancer and other cancers [31] .
The only study that addressed the relationship between telomerase activity and survivin in colon cancer was from Enoh and colleages in Japan [15] . The authors indicated that survivin assists cancer cell to escape replicative senescence via enhancing telomerse activity. In this study, we confirmed that elevated expression of survivin was related to elevated expression of telomerase in fifty-one colorectal adenocarcinomas.
Many telomerase and survivin inhibitors have been developed and are in the preclinical or other stages of clinical trial [3] . The findings in this study suggest that synergistic effects may occur if drugs targeting both survivin and telomerase are used.
In the literature, survivin expression was demonstrated in colorectal cancer most often by immunohistochemical method. The positive rate ranges from 40 to 78% [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . On the other hand, quantitative analysis by real-time PCR had been performed in studies from 2 centres [13] [14] [15] .
The correlations of survivin with clinicopatholgical parameters have only been examined in a few studies. Tan and colleagues suggested some correlations between survivin expression and differentiation, lymph nodal status and stage of the colorectal cancer whereas Gerlach and colleagues showed that survivin expression increased with differentiation of the cancer [13, 19] . Other than these, the other studies failed to show any relationship between survivin expression and clinicopathological parameters [20, 21, 23, 26, 28] . In this study, we also did not find any relationship between survivin expression and the differentiation, histological subtype, site of the tumour, age or gender of patients. Furthermore, survivin expression was linked with poorer patient survival in colorectal cancer in a few reports [20, 21, 26] . In our study, higher levels of survivin expression were associated with poorer survival. However, the difference did not reach statistical significance.
In conclusion, the role of survivin was studied in a large cohort of patients with colorectal adenocarcinomas. Survivin expression was significantly increased in cancer and associated with telomerase activity and size of the tumour. The findings imply that survivin is important in the pathogenesis of colorectal adenocarcinoma. Also, high level of survivin expression is a potential biomarker for colorectal cancer and a potential indicator for good candidate for gene targeting therapy to the cancer. The high level of survivin expression and correlation with telomerase activity may be important for consideration of gene targeting therapies for colorectal cancer.
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Figures legend Figure 1 . The expression levels of survivin and telomerase in tumor are significantly higher than non-tumour mucosa. 
